This Paper introduces a new Non-Contact, Optical method for displacement measurements, and strain mapping as well as comparing it to traditional Digital Image correlation (DIC) and laser interferometry measurement method. This Method incorporates diffracted laser speckle images from the surfaces through DIC to track displacement and locate strain values. In order to evaluate the feasibility of the method, various experiments were done and results were compared to laser interferometry based and traditional DIC. All the experiments were designed and done with affordable equipment, while they resulted in displacement as small as 30 μm detection. Results presented by this paper are showing that DilSIC is an economic, accurate, rapid and applicable method for the mentioned purpose. Since it does not require any artifact speckle pattern, it can be used on the non-accessible area, limits and difficulties for creating speckle pattern is not applicable for this technique. In this research, various magnitude of strains have been examined within the range of [0-10%]. As this technique is a hybrid method of DIC and Laser speckle measurement it could eliminate some of the limits that everyone has. Those removed restrictions include but not limited to being able to measure strain within range of [0-10%] while using fringes on laser speckle does not let the measurement exceed 2%. Also using laser speckle pattern can end all the challenges to achieve the qualified speckle pattern as they can be adjusted to match the requirement easily [1] .
INTRODUCTION
Exceeding the ultimate strain in loading is one of the most common reasons for a part failure. Therefore, developing an in situe method for strain mapping can lead to prevent the future damages and failure. Equation (1) is the general equation used for strain measurement under the assumption of small displacement where the Euler and Lagrangian approaches match. Therelation between displacements uk and strains εkl with k, l = x, y, z takes the form εkl = 1 /2 (uk, l +ul,k) Equation (1) , Strain and displacement As what this equation discloses, tracking displacement is the main step for strain mapping. While Lagrangian refrence frame is offering contact methods such as strain gage, Euler derivetive of the strain equation can be used in non-contact method such as DIC (add the DIC equation), Speckle Interferometry, Photo-Elasticity, X-ray diffraction and Holographic Interferometry [2] .
Digital Image correlation is a measurement technique has been used and known worldwide for displacement and strain mapping [], material property recognitions and defect detection. Not being limited to homogenous and isotropic material, being full-field method can be named as of the advantages of DIC. DIC compares images captured from the object surface before and after applying load. This comparison leads to track deformation and strain measurement on the surface [3] [4] [5] [6] [7] [8] [9] . Traditional DIC required fabricated speckle pattern as tools for tracking. Though using this tool is an acceptable and validated technique for DIC, it brought some restrictions. Sometimes we do not have access to the part to apply artifact speckle pattern, or on many cases applying material is not allowed [bio ref]. Also achieving qualified speckle pattern is challenging [10, 11] . More of all due to the size of the speckle pattern small deformation is hard to track. In order to remove some of the restrictions mentioned above, non-contact measurement tools were investigated. As can be seen in figure 1 , in traditional DIC, speckle patterns are fabricated to the specimen. The process of applying artifact speckle pattern causes some limits and restrictions [14] which led us to find an alternative way to create speckle patter. On the other hand, Laser interferometry has been used widely for strain measurement. These laser-based methods are well known for the accuracy and ability to find the small strain values. Combination of these methods results in developing a hybrid method that uses laser speckle pattern up to track deformation through DIC the following sections are disclosing the validation and comparison steps for this new technique.
Meanwhile, laser-based methods are also used to find defects. This method uses laser speckle interferometry of two laser beams to find the deformation 
Translation Evaluation
In translation test, system was expected to track displacement of the part on the translation table with 2.54-micron accuracy. To show the method performance capability in tracking displacement for different surface roughness, variable materials (and finishes) have been used such as Al sheet, uniformly painted Al sheet and rubber. After validating the performance of DiLSIC in translation detection, we moved forward with rubber material (due to high flexibility) with in the rest of steps (find from the thesis). Displacement was applied in the domain of [30micron and 25,400 micron) to evaluate the system limits. The sample geometry was a regular 126mm × 25.4mm rectangle.
Results of the translation test can be found in figure 2 .
(a) (b) (c) Figure 3: Sample used in translation test (a) Aluminum sheet with texture (b) Uniform painted aluminum sheet (c) Rubber sample on the white background
The camera used in all parts was T5I Cannon camera-Lens is EFS 55mm. To find the best setup for the camera, images with different apparatus size and exposure time were captured. Then, the resulting histograms showed the best setting for the camera setup as 8 for aperture size and 1.3 seconds for time of exposure. 
Figure 5: Comparison between resulted displacement with DiLSIC and actual displacement chart
One of the main limits of using traditional laser interferometry is not being able to recognize translation movement. This fact restricts inspected specimen to be fixed on a support. While in many cases such as in vitro bone analysis, it cannot be guaranteed [22] .
Tensile Test
Tensile test has been done with rubber to evaluate the method performance in strain measurement. Results were compared to DIC for validation. Displacement load was applied along the X axis to the one end of the sample while the other end was fixed at the tensile test device support. The device accuracy is 25.5 micron as well. Strains of 1% to 10% were applied to one end of the sample. The same tests were done with the traditional DIC. Figure [6] is showing the DIC and DiLSIC samples. As can be seen in this figure, paint has been applied to the DIC sample as the fabricated Speckle Pattern
Figure 6: Sample used in tensile test with DIC (right) and sample used for DilSIC (left)
Figures below show the visual and numerical comparison between DiLSIC and DIC in strain measurement. As can be found, DiLSIC could achieve more comparative results in strain less than 2% in compare to traditional DIC. They both achieve good results in strain more than 2% while laser interferometry is not capable of measuring strain more than 2% [16].
Figure 7: Comparison between DIC (right) and DiLSIC (left) resulting contours after tension. Actual strain in both cases was 6%

Figure 8: Strain comparison between DiLSIC and DIC chart
It is also worth mentioning that in tensile test for strain measurement, DiLSIC resulted in values with mean error of 1% while the same value for traditional DIC was 1.8%.
[20] 
Strain Concentration
In this step, a 10mm diameter hole was created on the samples to investigate DiLSIC performance in strain mapping. It was expected to be able to detect the strain concentration as well as locating the critical area (points). Again, results were compared to DIC results. Random points aligned an imaginary vertical line passing from the hole center were picked for the strain value comparison with the points at the same coordinates at the DIC sample c 
CONCLUSION
A new hybrid method was evaluated and compared to a few other strain mapping techniques. This method could combine the advantages of both laser based and DIC methods to eliminate some of the problems from each individual method. The performance of this technique in finding defects, strain measurement, and strain concentration was evaluated in all experiments. The comparison between DiLSIC and DIC and traditional laser interferometry measurement methods is presented in the 
